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23
imaging are increasingly important but can be degraded by intensity 24 non-uniformity. This non-uniformity can be more pronounced at 25 higher field strengths, or when using multichannel receiver coils. We and expected voxel values. This is usually achieved using an 96 expectation maximization technique (Guillemaud and Brady, 1997;  97 Wells et al., 1996; Zhang et al., 2001) . Alternatively, or 98 additionally, serially acquired scans can be registered together 99 and subtracted, giving a differential bias field that can be used to 100 approximate the non-uniformity (or, in the case of additional 101 correction, the residual non-uniformity) of each scan (Lewis and 102 Fox, 2004) . Recent reviews of non-uniformity correction techni-103 ques can be found in Belaroussi et al. (2006) and Vovk et al. 104 (2007) .
105
Non-parametric non-uniform intensity normalization (N3) (Sled 106 et al., 1998 artefact" (Collins et al., 2005) . A review of this and other artefacts 135 commonly observed at 3 T is provided in Bernstein et al. (2006 followed for 3 years, 400 people with MCI to be followed for 176 3 years, and 200 people with early AD to be followed for 2 years.
177
For up-to-date information, see www.adni-info.org.
178
The purpose of the MRI portion of the preparatory phase of (Folstein et al., 1975) pulse sequence is somewhat less efficient than MP-RAGE, so its 224 typical acquisition time was 11 min, as opposed to 9.5 min.
225
As described in Bernstein et al. (2006) , all of the image data 226 here were pre-processed (prior to application of N3) with a B1-227 receive field correction (Narayana et al., 1988) (Studholme et al., 1999) . The registration software used was
269
FLIRT ) from the FSL toolkit, which 270 has been shown to be highly robust (Smith et al., 2002) . The parts external to the intracranial cavity are kept to a minimum. The scanner type and the number of subjects (who were scanned twice 2 weeks apart, using MP-RAGE and SPGR pulse sequences, resulting in four scans per subject) at each site are indicated. positioning between two time points will lead to differences in the 395 location and orientation of the non-uniformity with respect to the 396 subject.
397
We therefore registered each MP-RAGE and SPGR repeat scan 398 to their baselines, masking out all non-brain voxels before 399 registration (using the Manual − CSF brain masks), using 12 dof 400 and maximizing NMI. Using the transformation the repeat brain 401 mask was transformed to the baseline using trilinear interpolation base of skull anterior to brainstem for both baseline and repeat according to mask and distance for the SPGR sequence. Table 5 Fig. 5. MP-RAGE mean normalized white matter intensity variances when using N3 for different masks and smoothing distances. encapsulates the form of the non-uniformity field more accurately.
U N C O R R E C T E D P R O O F
573
For both the white matter and normalized difference images, the . SPGR mean normalized white matter intensity variances when using N3 for different masks and smoothing distances. was not explored and could be in future to obtain more accuracy 645 with less computational cost.
646
The main finding of this work is that the reliability and 647 robustness of the N3 algorithm for correcting non-uniformity in 3-
648
T head scans for different pulse sequences can be improved by 649 considered selection of brain masks and the smoothing parameter.
650
N3 cannot be assumed to perform well for a wide range of scanners 651 and coils using just the default parameters. We conclude that for 3- 
